We present the second version of the OI Exchange Format (OIFITS2), the standard for exchanging calibrated data from optical (visible/infrared) interferometers. This new version provides definitions of several new tables addressing the needs of future interferometric instruments such as GRAVITY and MATISSE, optional data columns for a more rigorous description of measurement errors and their correlations and various new header keywords for book-keeping and data discovery. In this paper, we outline the new features of OIFITS2 and describe their anticipated usage. Some considerations not present in the normative text are also discussed.
INTRODUCTION
The common data format for exchange of interferometric measurements in optical and infrared interferometry (commonly known as OIFITS) was published in 2005
1 . The format specification was the result of a five years maturation process, starting in 2000 under the auspices of the International Astronomical Union with the contribution of many individuals and the then existing optical interferometer projects (COAST, NPOI, IOTA, CHARA, VLTI, PTI, KI).
It is an understatement to say that the existence of OIFITS, and the observance of this norm by data producers, has been pivotal not only in the dissemination of optical interferometry data, but also in the facilitation of additional contributions by the community, namely observation preparation tools, data reduction, data interpretation and data mining tools. The fact that software for reading, writing and merging OIFITS files was freely available at the time of publication certainly helped to facilitate the adoption of the standard. It was especially useful because OIFITS, as with any data container, is not intended to be especially readable by humans. At the time of adoption of OIFITS, the Virtual Observatory (VO) efforts towards standardisation and interoperability were still in their infancy, and FITS was a natural and traditional choice, also due to the availability of reader and writer programs in various scientific languages.
Eventually the scope of the format became too narrow with respect to its usage "in the wild," and a revision of the standard became necessary. A new version, OIFITS v.2 has recently been released 2 . In the following sections we examine the intent behind the changes in the format.
OPTICAL INTERFEROMETRY OBSERVABLES
In astronomy, interferometers measures complex coherent fluxes C (u,v) between pairs of telescopes ("apertures"), whose distance is a vector of coordinates (u, v). These are related to the Fourier Transform of the brightness distribution of the (small) patch of sky around the object O(x, y) observed by all telescopes simultaneously, since C(u, v) = dx dy O(x, y) exp (−2πi(ux + vy)). In the optical and infrared domain, only V (u,v) , the ratio of coherent flux to the total flux can be safely measured, and even then its phase is not readily measurable by current 
2 , the closure phase of a triplet of apertures
, the differential visibility phase between two wavelengths λ 1 and λ 2 , etc. . . .
FROM OIFITS1 TO OIFITS2
The format was initially intended to support only the storage of calibrated, time-averaged data, following the example of the UV-FITS format 3 in use in radioastronomy at the time. In an ideal world, calibrated observables produced by different interferometers have lost any instrument-specific effect or bias and can be merged, for example to be fitted together by one model, or to produce an image by inversion techniques. In the real world, systematics will be present, and it is necessary to add information about the beam recombiner, the interferometer array, etc, to the OIFITS format, similarly to the FITS-IDI format used in Radio Interferometry 4 . Nevertheless, by supporting only calibrated data -at least in the intent -the data description is simpler, closer to Physics, and also of small size, readily exchangeable and easily ingested by user programs.
Thus, the OIFITS format uses FITS 5, 6 and provides separate tables for each "subsystem" and "kind of observable". Table 1 shows the FITS binary table names defined by version 1 of the norm and their intent.
New Requirements for OIFITS2
Following the establishment of a working group on interferometry data standards within IAU's Commission 54, the requirements for evolution of OIFITS have been collected over a period of two years on the JMMC forum ‡ , with active participation of many community interferometrists and representatives of all past and future instruments and arrays. A draft was in circulation for one year, and has been deposited on ArXiv § where it can be "maintained" by the authors following returns from the community. It is intended that a refereed publication will be made at some point.
The changes were necessary due to multiple causes:
1. New Instrument needs, such as the polarised modes of VLTI/GRAVITY (see Paper 9907-33 7 ).
Data reduction needs (see Papers 9907-3
8 and 9907-48 9 ) requiring fluxes and/or spectra to reconstruct or fit the true brightness distribution of objects. Also, these programs need an adequate description of the statistical correlation between quantities.
DataBase requirements such as presented in Paper 9907-142
10 , needing numerous meta-data for bookkeeping and easy data-mining. 
The New Tables for Version 2
The complete description of these tables is to be found in the new norm 2 on ArXiv.
It should be kept in mind that version 2 of the norm needs to be backward-compatible with version 1 readers. Thus, an OIFITS2 must be still readable by a reader made for version 1. This means that one cannot change the format or meaning of any version 1 tables and table entries. It should be noted that the new version now imposes the existence of at least one OI ARRAY table.
Interferometers are generally polarizing devices, but useful polarized optical interferometric observables (i.e., new observables that would not fit in the existing OI XXX tables) have not been defined yet. For each polarisation state (which can be unknown, and are probably always time varying), the instruments measure separated (uncorrelated?) time-or spectral-series of data. These are stored in OIFITS1 separate "instruments" (via different INSNAME keywords). Additionally, the new format introduces information about instrumental polarisation: a new optional OI INSPOL table is introduced. This table serves two purposes:
1. It stores the polarisation transfer function of each beam for each INSNAME in the general form of Jones matrices.
2. It serves as a "hub" for keeping a relationship between all the polarised INSNAMEs. The intention is that, if this table is present, the data referenced by OI INSPOL (via INSNAME) shall be kept together during merging, copying or splitting of OIFITS files (unless the intention is to select a subset of the polarisations).
The only supplementary requirement for polarisation handling is that a distinct INSNAME must be given to each of the NPOL polarisations.
OIFITS version 2 provides an optional table to store the correlations between interferometric observables, whether in wavelength, baseline, or time. By analogy with the INSNAME keyword, it introduces a CORRNAME keyword that uniquely references a table, OI CORR, containing the sparse matrix representation of the correlations between selected observables of the dataset.
The need for associated fluxes of spectra of objects is answered by the OI FLUX optional table which is a container for raw or calibrated flux measurements. Corresponding wavelengths are referenced with the INSNAME keyword. The content of the table depends on the single-character keyword header CALSTAT, which serves to distinguish between "fluxes" (such as measured by the instrument itself) or calibrated or uncalibrated "spectra".
Finally, a drawback of OIFITS version 1 is also tackled here, namely the fact that the OI VIS table could contain several kinds of data, which were not distinguished in the earlier format: correlated flux, differential (chromatic) visibilities and phases, or simply linear visibilities. Besides, as several observables are linked together (e.g., phase closures as bispectra of baseline visibilities), the document provides a careful description of the crossreferencing of data inside the OIFITS container.
A reference implementation for this version of OIFITS has been developed by one of us (J. Young) in C and is already available at https://github.com/jsy1001/oifitslib.
THE OIFITS IMPLICIT DATA MODEL
The use of FITS tables makes the OIFITS format linear (a file comprises a sequence of tables). However, the format defines strong relationships between these tables, since observables are grouped by kind (squared visibilities, closures. . . ) but the objects they refer to are in the OI TARGET table (which must be unique and serves as a "directory"), the baseline properties are in various OI ARRAY tables and the various instruments used in different OI WAVELENGTH tables. Since the dependencies between FITS tables are not handled directly inside the FITS format, they must be described elsewhere, in our case in the published norms 1, 2 . This makes for quite lengthy (but hopefully clear enough!) descriptions, which must be followed -but also understoodby data providers as well as data consumers, at least those providing OIFITS writers and readers. Figure 1 . An object-oriented (simplified) view summarizing the OIFITS1 tables and their relationship. The OI DATA "object" represents both the link between OIFITS1 tables and their rules, and an "atomic" dataset (one object, one telescope configuration, one wavelength, etc). Such representations can lead to an automatisation of, e.g., OIFITS conformance checkers.
In reality, the published norms are akin to an unfinished version of a "Data Model" (as opposed to the notion of Dataset, see e.g., the IVOA site * ). See for example figure 1 (L. Bourgès, priv. comm.), which presents a first attempt at an "UML-like" † description of both the OIFITS (version 1) content and the OIFITS internal relationships. Software tools now exist that can read such descriptions, create reader or writer programs, data exchange formats, and, as importantly, check the validity of such data files. As seen in the previous section, the OIFITS data description became more complicated with version 2. Probably, as was the case for the ALMA project 13 , future evolutions of the OI exchange format will take advantage of new concepts and techniques such as UML, XML and XSD, and the active participation of OI specialists to the Virtual Observatory forums of standardization will be highly desirable.
